Abstract
140-m level, we found that the sensible heat flux was remarkably diminished during 27 daytimes on polluted days, and even negative after sunrise (about 0720 LST) till 1400
28
LST on 4 December. We also found that heat storage in the urban surface layer played Beijing, the main city of the BTH region, has experienced several high-impact, we will aim to investigate evolution characteristics of ABL structure and further 105 explore the interaction between the structure of the UBL and the air pollution by using factors related to the development of the pollution event are investigated in Section 3.
117
The impacts of the evolution of the vertical UBL structure on this pollution episode,
118
and vice versa-especially the turbulence due to the radiative forcing of aerosols-are 119 also explored in Section 3. Lastly, the results of the study are summarized in Section 
Site and data

123
The main data used in this study were from a tall tower in Bejing, officially known Pro, Gill, UK) at three different levels (i.e., 47-m, 140-m and 280-m).
131
Note that CSAT3 three-dimensional sonic anemometers designed by Campbell found that a 1-h averaging period is reasonble at this urban site. The processing of 163 turbulence data in our study followed the method described by Wang et al. (2014) .
164
The criterion of threshold carrier-to-noise ratio (CNR) was used to reduce the The sensible heat and latent heat fluxes were calculated using the 
189
The one-dimensional SEB is usually formulated as
where H is the sensible heat flux from the surface to the adjacent air, LE is the latent 192 heat flux into the atmosphere associated with evapotranspiration, and G is the ground
193
and urban canopy heat storage. R n is the net radiation, which can be described as 
215
The 30-min vertical velocity standard deviation between lidar is
Where N is the record number every 30 minutes, denotes the ith vertical velocity
218
(m s −1 ), and � is the mean vertical wind speed. 
Meteorological parameters
256
As shown in Fig.4a , RH was mostly larger than 40% during pollution episodes,
257
and increasing along with the concentrated PM 2.5 (PM 1 ). Especially during the CS,
258
RH could reach near to 100% at nighttime, which firstly appeared at the levels of nights. Clearly, the wind flow played an important role in the air pollution process.
264
The Southwesterly wind transported air pollutants from Hebei Province to Beijing on 265 the first two pollution nights (Fig. 4c) . In order to investigate the characteristics of the Owning to the limited height of the tower, the wind profile above several 
300
Once the northern maintain flow generated, the LLJ became weaker (< 5 ms −1 ) in the Beijing. As a result, the presence of an LLJ has an indispensable effect on the process 306 of the air pollution in the nocturnal boundary layer (NBL). because of the saddle-type pressure-field background (Fig. 3) . In this study, we wanted to focus on the SEB at one level rather than the vertical 
367
The diurnal variation of the DSR on December 4 was discontinuous, which
368
suggests the large attenuation of the DSR on this day was not only the impact of the 
374
According to these data, the first three days were free from clouds (figures are 375 omitted). From the mass of grey marked by the red square in Fig. 8 In general, the R n (shown in Fig. 7) attenuation ratio was 2%, 24%, and 86%, structure of the UBL. In Fig. 9 , clearly, LE was extremely low, at less than 50 W m −2 399 during this 4-day period in winter over the large impervious urban surfaces of Beijing.
400
The fraction of impervious surfaces around the tower was investigated using an 401 analytical footprint model and found to exceed 65% (Wang et al., 2015) . Mostly, 402 during daytime, the heat storage was the largest consuming term in the SEB, 
Development of the UBL
449
The diurnal cycle of the ABL exerts strong control on the scalar concentrations Moreover, before the CS on 3 December, the aerosol lidar data (Fig. 11) showed that is important to note that the heat storage term in the SEB also makes a significant 578 contribution to reducing the BLH (details discussed in Section 3.3). accounted for about 65%, 83%, 78% and 71% of R n (averaged 1200-1400 LST) on 1-611 4 December, respectively. We also found that the lower H appeared on the polluted 612 days than on the clean days, which partly caused by the large consuming term of the 613 heat storage in the urban fabric. December and 56% on 3 December, whereas, the BLH on 4 December was 630 unobtainable due to the stagnating UBL growth. 
